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SUMMARY

The study presents the results of the systematization of paleopedological studies of Holocene
sediments (soils) in Ukraine, which is implemented in the form of a web-based GIS application. The
framework of the web application using cartographic libraries and the spatial database of the study
was proposed and built. The collected results of the database contain information about 162 soil
transects and their information descriptions. The proposed database can be a basis for analyzing
paleogeographic conditions and predicting future environmental changes. The project was
implemented using QGIS and MongoDB tools, as well as cloud platforms to provide access to data.
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Introduction

Paleopedological research is an important component of studying the nature of the past, and their research
with the help of GIS is gaining new meaning (Gerasimenko et al., 2021; Matsibora, 2019; Wanner, 2010;
Zhang et al., 2019). The Holocene, as the last post-glacial stage of the Quaternary period of Earth's history,
is one of the most accessible for study. Holocene sediments within the territory of Ukraine are mainly
represented by soils. The Holocene soil is a natural-historical system that develops in stages and can
correspond to several cycles of the last warm period. The systematisation of the results of studying soils of
different stages of the Holocene helps to unify the existing and obtain new paleogeographic information on
the development of nature in the past, and, based on the principle of actualism, allows to predict further
development of natural conditions in the future. The aim of our work was to create an organized system of
paleopedological studies of Holocene nature in the form of a single spatial database implemented on the
basis of a web application. The obtained results are structured and describe the state of paleopedological
research on the Holocene nature within the plain territory of Ukraine, Holocene chronological intervals,
and contain information about researchers on this topic. The processed data form a general idea of the
Holocene nature at this stage of research, and also improve the possibilities for further prediction of the
nature in the past. In 2022, Kushnir and Leiberiuk carried out initial work on systematizing the results of
paleopedological research in Ukraine using QGIS and QGIS Cloud products. This work was continued by
expanding the attribute information of the database, translating the collected results into English; building a
web application for displaying, further managing, filling, and editing the research database.

Method and Theory

In the process of work, general scientific methods (historical, analytical, analysis and synthesis) were
used. In particular, a search, collection and analysis of scientific research on the topic was conducted.
The collected primary results were processed, classified and generalized, which allowed us to develop a
research database structure scheme. The resulting database served as the basis for developing the content
of the future web application, and the formed pre-launch criteria for the application were used to select
the structure, design, and additional content. The built application consists of front-end and back-end
parts, and the research database is hosted on the server.

The office packages used were LibreOffice, GIS - QGIS, software development environment - VS Code,
version control system — Git, Github. MongoDB was used to manage the program's database. The cloud
development platforms Netlify and Render were used to host and deploy the project. As a result, data on
162 soil transects have been collected and presented, the vast majority of which are located within
archaeological sites and have dating of cultural layers and buried soils, as well as background clearance.

Building a spatial database using GIS, its structure and additional spatial data for a web
application

At the first stage, we searched for and selected all possible sources of this topic, which were published as
research results for all possible years in the form of paper and online publications. The list of available
primary data results, assessment of the needs of potential users, and identification of the main criteria for
paleo-soil research allowed us to formulate a concept of the form of the database of descriptions of
paleopedological research for our study. All textual material with a detailed description, graphic materials,
statistical indicators, etc. served to form the attributive part of the database. The spatial characteristics for
each soil section were geocoded based on the location descriptions or geographic coordinates contained in
the studies. As a result, a spatial database of Holocene studies was obtained, which was finalized using
GIS. The structure of the Holocene paleosoil database. Taking into account the results obtained, the criteria
for the database, different authorships, research time, and a variety of methods, we decided to build the
database around fossil soil sections to maximize the coverage of descriptive data. Each soil section has a
set of characteristics: 1) geographical location of the research object (geographical coordinates,
administrative, physical and geographical location, location on the ground); 2) description of the research
process; 3) description of the main characteristics of the section; 4) age of the studied sediments; 5) graphic
materials of the research object; 6) link to the publication of the results (Fig. 1).
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Figure 1 Author's scheme of soil section characteristics in the database of Holocene paleopedology
research within the plain territory of Ukraine

The spatial reference block is aimed at describing the spatial characteristics of the location of the
research object about their administrative-territorial, physical, and geographical location. The
administrative-territorial description aims at determining the nearest settlement to the object, and the
area of its location. The exact location of the object is indicated by the geographical coordinates and is
determined using Google Maps, and Open Street Map resources. The description of the natural
reference is determined about the location of the object to the current physical and geographical
zoning of Ukraine and provides for a description of the location in accordance with a certain natural
zone and region/province. A separate attribute in the block of spatial characteristics is also a
description of the location of the paleopedology research object on the ground (e.g., "mound",
"floodplain®, "quarry", etc.). The next block of information about the research object describes the
time when the research was conducted at this object (the year of the research itself), and also indicates
the researcher or researchers who worked there.

Next, the soil section and its components are described. The methods used and analyses performed are
also described to help understand the information obtained during the study of the section. Paleosoil is
often only one of the objects under study and is part of the research of paleontologists, archaeologists,
botanists, etc. The main characteristics of paleopedology research are the definition of stratigraphy,
the type of buried soil, and the type of modern soil. When describing soils, their morphometric
characteristics (thickness in meters) are indicated. Soil sediments and modern soil types were
indicated according to the classification of soils of Ukraine, and soil types are indicated according to
the map "Soils", which is published in the National Atlas of Ukraine (Kanash et al., 2007).

The dating block contains the name of the period of the object under study. For this purpose, the
chronological interval of the Holocene to which the buried soil belongs is indicated, which gives an
understanding of the processes of pedogenesis within the studied objects. The Blitt-Sernander scheme
was used for the classification process. According to this scheme, the following periods are
distinguished Holocene: Belling (BL), Middle Dryas (DR-2), Allerod (AL), Late Dryas (DR-3),
Preboreal (PB), Boreal (BO), Atlantic (AT), Subboreal (SB), Subatlantic (SA). The date according to
which the chronological interval was determined is also indicated; it can be absolute or archaeological
dating. Since the vast majority of studies have been conducted within archaeological sites, the latter
type of dating is currently prevalent. The correlation between the stages of nature development in the
Holocene with historical and cultural communities in the territory of Ukraine is presented in separate
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publications (Matviishuna et al., 2017). The additional description is supplemented with graphic
materials (photographs, drawings, tabular data, etc.) and electronic links to published materials posted
on the Internet. Selected graphic results mostly be published in image formats (JPEG, TIFF, PNG,
GIF) and shared from the link.

Additional information layers. For a better perception of data on paleopedology of the past and an
understanding of the current natural state displayed on the resource, several layers characterizing
modern soils, landscapes and natural zones were prepared. These are data from the National Atlas of
Ukraine, which were converted from raster to vector data format. To some extent, these data were
generalized to reduce their actual volume and simplify their display. The "Soils" layer is an actual
map of the soil cover of Ukraine and has the following attribute descriptions: name of soil type (41),
name of soil class (21) (Kanash et al., 2007). The "Landscapes" layer was prepared similarly and is a
map of Ukrainian landscapes with the following attributes: names of landscape types (157), landscape
subtypes (37), landscape types (6), and landscape classes (2) (Marynych et al., 2007). The "Natural
zones" layer is a map of the physical geographical zoning of Ukraine with attributes of natural zone
names (6). (Marynych et al., 2007)

For better coverage for users, integration, and comparison of the data, all materials were also
translated into English.

Development of a web application for visualizing the results of paleopedological research

Based on the results obtained, having worked out possible ways of implementing the web application, its
design and prospects for its use, we built it. To do this, we used VS Code to develop the program code,
Github to control the program versions. The application consists of a front-end and a back-end part.

The front-end part was developed using the Javascript library React, the Leaflet library was used to
build maps, and the ApexChart library — for statistical display. The visual client part of the application
provides public and administrator access. In general, the application includes: 1) a home page with
general information; 2) a tabular representation of the paleosoil database, where you can learn more
about each section, its graphical representation, search by spatial location, natural areas and researchers;
3) a page of cartographic representation of research in Ukraine with the possibility of comparing them
with data on soils, landscapes and natural areas; 4) a page of analytics of the paleosoil database within
Ukraine by key indicators; 5) pages of authorization and the possibility of making changes to the
database. The difference between the public and administrative parts is access to the application's
database editing capabilities, which requires authentication. Administrative access allows you to delete
and add new sections to the application database. The application itself supports bilingualism for users.
Taking into account the need to implement the dynamism of the information support of the paleosoil
database, we have built its backend part. For its construction, Node JS and Express.js were used with the
involvement of frameworks, as well as the open database management system MongoDB. The built
server part performs two functions: 1) providing information about the research objects for display in the
application 2) the ability to manipulate objects in the database (adding, deleting). General access to the
server side is implemented using the API, which in the future can be used for other projects or their
integration by accessing its links. For this purpose, we created REST API documentation using the
Swagger-ui-express library.

Netlify [https://www.netlify.com/] (frontend) and Render [https://render.com/] (backend) services
were used for server hosting. For stable access to the Namecheap resource
[https://www.namecheap.com/], a permanent application address was obtained with the possibility of
its extension: https://paleosoil-holocen.info.

Conclusions

During our research, we created a comprehensive system of paleopedological studies of the Holocene
environment in Ukraine, which is implemented in the form of a spatial database integrated into a web
application. This study allowed us to collect, systematize, and unify the existing results of paleo-soil
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studies of different time intervals of the Holocene stage. This allows us to obtain new paleogeographic
information and, based on the principle of actuality, to predict the past and further development of the
natural conditions of Ukraine. In addition, this makes it possible to solve a number of urgent scientific
problems related to: the evolution of soils and soil cover; regional and facies regularities of soil
formation processes in connection with the spatial and temporal correlation of environmental conditions;
reconstruction of natural conditions in different historical periods, etc. The resulting web product is
complete and publicly available, which is also realized through the bilingual nature of the resource.
Thematically, it reflects paleopedological research in Ukraine at this stage.
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